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Abstract
Prioritized network entry is desirable for establishing preferential network
connectivity for the higher priority users when different priority users exist
over a given network. In line with such desirability, we propose a simple but
efficient priority differentiated initial ranging mechanism considering an Or-
thogonal Frequency Division Multiple Access (OFDMA) based IEEE 802.16
network. In the proposed mechanism, we introduce an approach that inte-
grates an explicit CDMA-ranging code reservation scheme with a Ranging
Slot Selection Window (RSSW) differentiation scheme. Simulation results
are provided to characterize the performance of the proposed mechanism.
Keywords:
Initial ranging, Prioritized network entry, IEEE 802.16
1. Introduction1
Network entry in wireless mobile communication systems is a set of pro-2
cedures that a Mobile Station (MS) should follow in order to enter the op-3
erator’s network and obtain network services. These procedures configure4
network connectivity parameters, achieve uplink synchronization, and enable5
power control for MSs [1] [2] [3].6
In Orthogonal Frequency Division Multiple Access (OFDMA) based IEEE7
802.16 network [4], the network entry process begins with a MS sending a8
predetermined ranging code (at a calculated transmit power level) in a ran-9
domly selected ranging slot once the down link synchronization with Base10
Station (BS) is achieved. If it does not receive any ranging response from the11
BS within certain time duration, then the MS considers its previous ranging12
attempt to be unsuccessful and enters the contention-resolution stage. The13
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MS then sends a new ranging code at the next ranging opportunity with a14
one-step-higher power level. This process continues until the MS receives a15
ranging response message indicating the completion of the process. The MS16
may now start its uplink transmission after negotiating the basic capabilities17
such as physical and bandwidth allocation related parameters.18
IEEE 802.16 has standardized a Quality of Service (QoS) differentiated19
resource allocation framework [5] [6]. Such a framework allows implemen-20
tation of class based resource scheduling algorithms wherein the channel re-21
sources can be distributed to MSs (only to those which have already made22
successful network entry) relative to the priority of their traffic. However, it23
does not specify any mechanism for providing prioritized network entry. The24
concept of prioritized network entry is becoming more relevant in context of25
Emergency Telecommunication Services (ETS) over the emerging telecom-26
munication infrastructures because such services should not only be allowed27
to receive preferential use of operational network resources but should also28
be provided with higher assurance of maintaining network connectivity over29
the non-emergency regular services [7][8]. To this end, we present a prior-30
ity differentiated network entry mechanism in context of IEEE 802.16 based31
telecommunication networks.32
The proposed mechanism incorporates two different approaches for access33
prioritization of high priority MSs. The first approach, which is inspired from34
the QoS differentiation framework in wireless local area networks [9], differ-35
entiates the size of starting Ranging Slot Selection Window (RSSW) for high36
priority and low priority MSs while the second approach explicitly reserves37
a certain fraction of available number of ranging codes to high priority MSs.38
The proposed scheme has also been under discussion in IEEE 802.16 working39
group [10].40
The rest of the paper is organized as follows: Section 2 provides prelim-41
inaries on ranging process and initial ranging while the following Section 342
describes the proposed priority initial ranging mechanism. Section 4 provides43
simulation results. Finally, Section 5 gives conclusion of the work described44
in this paper.45
2. Preliminaries46
In this Section, based on the presentation in [1][2], we present a quick47
overview of network entry and ranging mechanism in IEEE 802.16-2012 con-48
sidering the OFDMA PHY. Note that initial ranging mechanism for Single49
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Carrier FDMA (SC-FDMA) and OFDM PHYs is slightly different.50
2.1. Network Entry51
Fig. 1 depicts the network entry procedure in IEEE 802.16-2012 that a52
MS should follow in order to enter the operator’s network and obtain network53
services. Upon initialization or powering up, an MS first scans the downlink54
(DL) frequencies to find whether it is within the coverage of a BS. Once a55
DL preamble is detected, the MS synchronizes itself with respect to the DL56
transmission of the BS.57
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Figure 1: Flowchart of network entry and initialization in IEEE 802.16-2012 [4]
As the DL synchronization is achieved, the MS then listens to the various con-58
trol messages (such as Frame Control Header (FCH), DL channel Descriptor59
(DCD), Uplink Channel Descriptor (UCD), DL-Allocation map (DL-MAP)60
and UL-allocation map (UL-MAP)) that follow the DL preamble to obtain61
the various PHY as well as MAC related parameters for DL and UL trans-62
missions. From the UL-MAP the MS gathers necessary information about63
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the ranging opportunities and perform ranging operation. Once ranging is64
successfully completed, the MS negotiates its basic capabilities regarding var-65
ious PHY and bandwidth allocation related parameters. If authorization is66
enabled in the network, the MS performs authorization and key exchange and67
then attempts to register itself with the BS. It would then proceed to estab-68
lish IP connectivity. The subsequent optional stages of establishing time of69
the day and transferring operational parameters are then pursued if needed.70
The MS could now establish provisioned connections and is considered op-71
erational. Its operational status thereafter is maintained through periodic72
ranging.73
2.2. Initial Ranging74
Ranging is an uplink physical layer procedure that maintains the quality75
and reliability of the radio-link communication between BS and MS. The76
ranging process involves a transmission of a deterministic sequence known77
as ranging code over a number of OFDM symbols in the ranging channel.78
The BS processes the received signal on the ranging channel to estimate79
the several radio-link parameters including channel impulse response, Signal80
to Interference Noise Ratio (SINR), and time of arrival, that are used for81
timing/frequency/power adjustments of the uplink transmissions from the82
MS. MSs cannot perform any uplink transmissions until they successfully83
complete the ranging procedures. The ranging process is classified into two84
categories: (a) initial ranging for MSs that are not uplink-synchronized, and85
(b) periodic ranging for MSs that are already uplink-synchronized.86
Fig. 2 depicts the schematic of initial ranging procedure. For perform-87
ing initial ranging, an MS first synchronizes to the DL and then acquires88
the UL channel characteristics through the UCD MAC management mes-89
sages. The MS scans the UL-MAP message to find an initial ranging interval90
(which may consist of one or more transmission opportunities) that the BS91
has allocated in the UL sub-frame. When the initial ranging transmission92
opportunity occurs, the MS randomly selects a ranging CDMA code from a93
given initial ranging code-set, transmits the selected code at a certain power94
level (calculated with reference to its RSSI and the parameters specified in95
the DCD message), and waits for the ranging response (RNG-RSP) message96
that contains all the needed corrections (time, power, and frequency).97
If the MS does not receive RNG-RSP from the BS within a certain time98
window (T3 timer), then the MS considers the previous ranging attempt to99
be unsuccessful and enters the collision-resolution stage. The MS sends a100
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Figure 2: Initial ranging procedure
new ranging CDMA code at the next ranging opportunity, after an appro-101
priate back-off delay determined using truncated binary exponential backoff102
algorithm, and with a one step higher power level. This process repeats until103
the maximum number of retries has been reached. On the other hand, if the104
MS receives a RNG-RSP, it will take subsequent actions based on status no-105
tifications indicated in the RNG-RSP. The three possible status notifications106
are as follows:107
• Continue: If the MS receive RNG-RSP message containing the parame-108
ters of the code it has transmitted (OFDMA symbol number, subchan-109
nel, and the code itself) and status continue, then the MS may consid-110
ers the transmission attempt to be successful, but still requires further111
parameter adjustments. The MS thus adjusts its uplink transmission112
parameters as indicated in the RNG-RSP message and performs rang-113
ing by sending a ranging CDMA code randomly chosen from the initial114
ranging code-set on the suitably determined initial ranging opportunity.115
• Success : If the MS receive RNG-RSP message containing the param-116
eters of the code it has transmitted and status success, then the MS117
considers the transmission attempt to be successful. Upon receiving118
the success status notification, the MS waits for uplink bandwidth al-119
location (CDMAAllocation IE in UL-MAP) to send ranging request120
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(RNG-RREQ) message. At this stage, the MS sends RNG-REQ mes-121
sage with its own MAC address and waits for the RNG-RSP which122
includes its MAC address as well as basic and primary Connection123
Identifier (CIDs).124
• Abort : If the MS receive RNG-RSP with status abort, it abandons the125
ongoing ranging process.126
Initial ranging procedure of the MS is considered to be successfully completed127
after it receives RNG-RSP which includes the valid basic and primary CIDs.128
3. Priority Initial Ranging129
In this Section, we first state the proposed mechanism and discuss the130
modifications that are deemed necessary in IEEE 802.16 standard to incor-131
porate the proposed mechanism.132
3.1. The Proposed Mechanism133
The proposed priority network entry mechanism is discussed considering134
a scenario where two categories of MSs co-exist over a network. Let us say135
the MSs with ETS be high priority MSs and the rest be low priority MSs.136
The mechanism, however, can be extended easily for the cases where more137
than two priority categories exist.The proposed mechanism incorporates two138
approaches for access prioritization of high priority MSs. The first approach139
differentiates the size of starting RSSW of the high priority and low priority140
MSs. The differentiation is done in such a way that the RSSWs of high and141
low priority MSs remain inverse-proportional to their corresponding priorities142
as143
IhRSSW
I lRSSW
=
x
y
, x < y (1)
where IhRSSW and I
l
RSSW are RSSWs for high priority and low priority MSs;144
and x and y are positive integers.145
The second approach explicitly reserves a certain fraction (let us say α)146
of available number of ranging codes to high priority MSs and allows low147
priority MSs use the remaining CDMA codes. It is noteworthy to mention148
that such an explicit CDMA ranging code reservation eliminates any collision149
chances among the inter-priority group MSs.150
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Note that, in 802.16 OFDMA network, each BS is assigned a subset151
of CDMA codes from the set of 256 codes. That subset ranges from S to152
((S+N+M+L+O)mod 256) where N codes are used for initial ranging, M153
for periodic ranging, L for bandwidth request, and O for handover ranging.154
Among N initial ranging codes the proposed scheme reserves the first dN ·αe155
codes to be exclusively used by high priority MSs.156
The proposed priority mechanism is exactly the same as the conventional157
initial ranging mechanism with an exception that the high priority and low158
priority MSs contend using the aforesaid priority differentiated contention159
parameters in terms of RSSW and CDMA codes.160
3.2. Modifications in UCD Message Format161
Recall that in order to perform initial ranging an MS first should syn-162
chronize to DL and then acquires information about (i) initial ranging con-163
tention parameters (number of initial ranging CDMA codes and minimum164
(or start)/maximum (or end) RSSW size for performing backoff) through the165
BS-broadcasted UCD management message, and (ii) available initial ranging166
resources (in terms of number of OFDMA symbols, number of OFDMA sub-167
channels, OFDMA symbol offset, and OFDMA subchannel offset) through168
UL-MAP-IE (Uplink Interval Usage Code (UIUC) = 12).169
In the proposed mechanism, high priority MSs and low priority MSs con-170
tend for initial ranging using different RSSW sizes and explicitly separated171
initial CDMA ranging codes. Hence, to incorporate the proposed mechanism172
in the IEEE 802.16 that RSSW differentiation and CDMA codes separation173
information should be included in the UCD message. Fig. 3 shows a mod-174
ified UCD frame format with the three additional fields (marked in gray)175
along with the retained fields from the conventional UCD format [4, Section176
6.3.2.3.3].177
We consider the conventional Ranging Backoff Start and Ranging Backoff178
End fields are the RSSWs for low priority MSs, while the newly inserted179
Ranging Backoff Start HP and Ranging Backoff End HP are RSSWs for180
high priority MSs. Both the newly inserted backoff start and end fields are181
8 bits long as the existing backoff start and end fields. On the other hand,182
the new field CDMA Code Reservation Fraction-HP is 2 bit long. It should183
be noted that the number of bits used to indicate CDMA Code Reservation184
Fraction-HP determines the least count of the reserved CDMA codes for185
high priority MS. For example, if we consider the CDMA Code Reservation186
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Figure 3: A modified UCD message format
Fraction-HP field to be of 2 bits, then the least count is 8(= 32/22) when187
the total number of initial ranging CDMA codes is 32.188
4. Simulation Results and Discussion189
We conducted a series of simulations using our custom simulator devel-190
oped in Matlab to examine the performance of the proposed initial ranging191
mechanism. In our simulation trials, we modeled the proposed contention192
based initial ranging process over a simplified network consisting of a sin-193
gle BS and increasing number of MSs (up to a certain number, lets say U)194
that randomly arrive at the network (with a given arrival probability pa) at195
discrete interval of simulation time (in unit of frame duration). Among the196
total arrived MSs, a certain fraction of MSs was high priority MSs, while the197
rest fraction was low priority MSs.198
In our simulation, initially there were no MSs in the network. As the199
simulation time i ∈ (1, 2, · · ·, n) was progressed, the number of MSs were200
increased in such a way that the number of arrived MSs Ui until simulation201
time i was equal to U · (1− (1− pa)i) for i ≥ 1. Fig. 4(a) shows an example202
of a random arrivals of high priority and low priority MSs when U is 200 and203
pa is 0.1, while Fig 4(b) shows the average cumulative number of arrivals for204
10 different cases of pa, 0.1 to 1 with the step size of 0.1.205
Table 1 shows the simulation parameters considered in this study in-206
cluding MS arrival parameters, total available ranging resources, and rang-207
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Table 1: Simulation Parameters
Parameters Values
Total number of MSs 200
Arrival probability of MSs in a frame variable: 0.1 to 1
Fraction of high priority MSs
(i.e number of high priority MSs/total MSs) 0.2
Ranging opportunities per ranging channel 5
Number of CDMA ranging codes 32
Frame duration 5 ms
T3 time 20ms
Maximum number of MSs acceptable in
a ranging opportunity β 4
CDMA code allocation (High Priority MSs) variable: 25 %, 50 %, 75 %
Initial RSSW variable: 1 to 512
Final RSSW 1024
ing contention parameters. It is worth mentioning that CDMA code de-208
tection error (false alarm and missed-detection) at BS increases with the209
increase in number of MSs transmitting at the same ranging opportunity210
[11]. To reflect such physical layer effect in our MAC layer analysis, we211
have restricted the maximum number of MSs acceptable in a ranging op-212
portunity (denoted as β) to four, though theoretically it could be up to213
min(U, numder of ranging CDMA codes).214
We first analyzed the performance of the proposed scheme in terms of215
success ratio of contending MSs considering two different cases: (a) Varying216
RSSWs of HP MSs and LP MSs for a given number of CDMA codes reserved217
to HP MSs, and (b) Varying number of CDMA codes reserved to HP MSs218
for given RSSWs of HP MSs and LP MSs. Note that success ratio is a ratio219
of number of MSs that are successful in completing their initial ranging to220
the total contending population. This ratio is always bounded within [0, 1].221
Fig. 5(a) shows the success ratio of HP MSs and LP MSs over discrete222
simulation time (in unit of frame duration) for three different combinations223
of RSSWs of HP MSs and LP MSs, i.e., (128, 128), (64, 256), and (32, 512),224
when U = 200,pa = 1, and the available 32 CDMA codes were equally225
divided among the HP MSs and LP MSs. From the figure it is evident226
that the proposed mechanism maintains higher success ratio for HP MSs227
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throughout the considered simulation time when the ratio of RSSWs of HP228
MSs to RSSWs of LP MSs is less than 1. The smaller the RSSW ratio is,229
the higher is the success ratio of HP MSs. This can be jointly attributed to230
(i) higher access probability of HP MSs per ranging opportunity due to their231
relatively smaller RSSWs, and (ii) avoidance of collision likelihood among232
HP MSs and LP MSs due to their exclusively disjoint CDMA code set. Fig.233
5(b) shows that for a given differentiated RSSWs of HP MSs and LP MSs,234
i.e. (16, 64), no significant increase (decrease) in success ratio of HP MSs is235
possible by increasing (reducing) the number of CDMA code assigned to HP236
MSs from 50% to 75% (25%), especially when the physical layer detection237
failure is considered, i.e. for the case when β is limited to 4. However, for the238
ideal case, i.e. without any limitation in β, marginal increment (decrement)239
in success ratio of HP MSs is noticed when the number of CDMA code240
assigned to HP MSs is increased (decreased). With reference to Fig. 5, one241
can say that it is desirable to sufficiently differentiate RSSWs of HP MSs and242
LP MSs, while reserving small fraction of CDMA codes (for example 25%)243
to HP MSs.244
Finding optimal RSSWs for HP MSs and LP MSs which can sufficiently245
meet Target Success Ratio Requirement (TSRR) of HP MSs (for example246
more than 99%) with the least possible sacrifice in LP MSs success ratio is247
vital for the best usage of our proposed ranging mechanism.248
Fig. 6 shows success ratio of HP MSs and LP MSs within 0.5 s (equivalent249
to 100 frames) considering the two different cases of arrival probabilities, i.e250
= 0.1 and = 1. We found that (16, 128) and (32, 128) were optimal RSSWs251
for HP MSs and LP MSs for = 0.1 and = 1, respectively, when the TSRR252
≥ 98%. With the optimal RSSWs settings, success ratio of HP MSs and253
LP MSs were 99.9% and 83.72% in the first case, while 98.95% and 88.69%254
in the second case. With reference to Fig. 6 it can be said that desired255
TSRR for high priority MSs can be guaranteed by selecting optimal RSSWs256
and CDMA-code reservation fraction when the target network synopsis (for257
example expected number of MSs in the network, fractions of HP MSs, MSs258
arrival rate) is known.259
5. Conclusions260
Prioritized network entry could be one of the most important procedures261
to provide preferential network connectivity to MSs relative to their associ-262
ated priorities. However, until recently, it has not been widely conceived,263
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studied, and analyzed. In this paper, we have presented a simple mechanism264
to support priority differentiated network entry in IEEE 802.16 OFDMA net-265
works. Through rigorous simulations, we have analyzed performance of the266
proposed mechanism and showed that for a given network conditions (for ex-267
ample number of MSs, fractions of HP MSs, MSs arrival rate) desired target268
success ratio for high priority MSs can be guaranteed by properly choosing269
the size of RSSWs and the CDMA-code reservation factor.270
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